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[57] ABSTRACT

A power generator containing a fuel cell (or cells) char-
acterized by a fuel supply means designed to supply
hydrogen gas and oxygen gas to the hydrogen and
oxygen feed lines leading to the cell in response to a
rapid rise of power load connected to the cell. This
power generator suffers from no shortage of output
power due to a delay of action and is excellent in re-
sponsiveness to sharp rise of load. In a preferred em-
bodiment of this invention, the electrolyte is electro-
lyzed to produce hydrogen gas and oxygen gas by DC
power generated by the fuel cell, and the produced
gases are led to the hydrogen and oxygen feed lines
leading to the fuel cell. )

7 Claims, 6 Drawing Figures
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1
POWER GENERATOR CONTAINING FUEL CELL

BACKGROUND OF THE INVENTION

The present invention relates to a power generator
containing fuel- cell(s), more particularly to such a
power generator with improved responsiveness to rapid
rise of load.

Power generators using fuel cells (hereinafter re-
 ferred to as “fuel-cell power generators™) are known as

for instance disclosed in Japanese Patent Publication
No. 56231/83 .and Japanese Patent Laid-Open No.
163183/83. In the conventional power generators of this
type, when there occurs a sharp change of power load
connected to the fuel cell, for instance, a change from
25% load to 100% load, it is required to quickly in-
crease the gas feed to the hydrogen electrode of the cell
to cope with such change of load. For effecting such a
quick increase of gas feed, it is necessary to rapidly
enlarge the openings of valves such as main fuel feed
regulating valve, air regulating valve and vapor regulat-
ing valve. :
Generally, however, the valve control systems are
subject 1o a certain time lag in their operation even if the
valves involved are relatively small in size, and ustally
they suffer a delay of action for a time of from about 2
-to about 10 seconds. The conventional fuel-cell power
generators were unable to keep pace with the change of
load during the period of such delay of action to incur
a shortage of output power during this period. This is a
serious problem especially with the on-site type fuel-cell
power generators which are set and used independently
of the general power supply because the change of load
occurs. very quickly and frequently in such on-site type
power generators.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a
fuel-cell power generator with excellent responsiveness
to sharp rise of load.

In order to accomplish this object, the invention pro-
vides a fuel-cell power generator comprising hydrogen
and oxygen feed lines, a fuel cell which generates power
as it receives hydrogen and oxygen from their respec-
tive feed lines, and a fuel supply means which supplies
hydrogen gas to said hydrogen feed line and oxygen gas
to said oxygen feed line, respectively, when a rapid rise
of power load connected to. said fuel cell occurs. The
device of the present invention is designed to enable
quick supply of fuel on the occurrence of temporary
shortage .of fuel resulting from a rapid rise of load to
cope with any rapid change of load.

Other objects, features and advantages of the present
invention will become apparent from a review of the
following detailed description of the invention when
taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a system diagram illustrating a preferred
example of fuel-cell power generator according to this
invention.

FIG. 2 is a system diagram illustrating in detail the
fuel supply means and the neighboring elements in the
power generator shown in FIG. 1.

FIG. 3 is a diagram illustrating the characteristic
pattern of power generation by the device of this inven-
tion.

25

30

40

45

50

55

60

65

2

FIG. 4 is a system diagram of a conventional fuel-cell
power generator.

FIG. 5 is diagrams illustrating the characteristic pat-
tern of power generation by the conventional device
shown in FIG. 4, in which (a) is a characteristic diagram
of load and (b) is a characteristic diagram of power
generation.

FIG. 6 is a system diagram illustrating in detail the
fuel supply means adapted in the power generator of
FIG. 1, which fuel supply means is different in mecha-
nism from that shown in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Before describing the device of the present invention,
the basic mechanism of a typical conventional fuel-cell
power generator is illustrated with reference to FIG. 4.

In the drawing of FIG. 4, solid line arrow 30z indi-
cates the natural gas and reaction gas (hydrogen gas)
feed passage (hydrogen feed line), single-dotted chain
line arrow 30b indicates the air (oxygen gas) feed pas-
sage (oxygen feed line), double-dotted chain line arrow
30c indicates the discharge gas passage, and broken line
arrow 304 indicates the water vapor passage.

Numeral 1 refers to a fuel cell consisting of a hydro-
gen electrode 1a and an oxygen electrode 15 and pro-
vided with a cell cooler 1c. Numeral 2 designates a
reformer by which fuel gas such as natural gas is re-
formed into hydrogen-rich gas by mixing air with said
fuel gas. Reformer 2 consists of a reaction section 2a
and a combustion section 2b. 3 denotes a shift converter
for the reaction gas produced in said reformer 2. In this
shift converter 3, carbon monoxide CO in the gas is
reacted with water and converted into carbon dioxide
CO3 and hydrogen Hj.-

4 is an ejector (or mixer) by which fuel gas such as
natural gas is mixed with water vapor. 5 is a blower by
which air (oxygen gas) is supplied to oxygen electrode
1b of cell 1. Part of air is also supplied into combustion
section 2b of reformer 2.6 refers to a heat exchanger for
discharge gas, in which water contained in discharge air
from oxygen electrode 15 of cell 1 and in discharge gas
from combustion section 2b of reformer 2 is recovered
while also recovering heat from said discharge air and
discharge gas. Water recovered in said heat exchanger 6
is stored in tank 7. Water stored in said tank 7 is led into
vapor generator 8 via cell cooler 1c and flashed therein,
and the vapor produced in said vapor generator is led
into ejector 4.

In this system, fuel gas such as natural gas is guided
into ejector 4 through main fuel regulating valve 9 and
mixed with water vapor by said ejector 4. The fuel gas
mixed with water vapor is then passed into reaction
section 2a of reformer 2 where said fuel gas is reformed
into hydrogen-rich gas. Part of fuel gas is sent into
combustion section 2b of reformer 2 via auxiliary fuel
regulating valve 10. : '

As shown by solid line 30q, the hydrogen-rich gas is
led into shift converter 3 where carbon monoxide in the
gas is reacted with water and converted into carbon
dioxide and hydrogen. Then, after removing extra
water if any, the gas is guided to hydrogen electrode 1a
of cell 1 where approximately 80% of hydrogen is con-
sumed. The discharge gas from hydrogen electrode 1a
containing the remaining 20% of hydrogen is returned
1o combustion section 2b-of reformer 2 and utilized as a
part of combustion heat necessary for the reforming
reaction.
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On the other hand, air is supplied to oxygen electrode
15 of cell 1 through main air regulating valve 11 as
shown by single-dotted chain line 305. Part of air is also
supplied into combustion section 2b of reformer 2 via
auxiliary air regulating valve 12. Discharge air from
oxygen electrode 15 of cell 1 and discharge gas from
combustion section 2b of reformer 2 are joined and led
into heat exchanger 6 where the gas is cooled by circu-
lating water or such until water vapor in-said discharge
air and discharge gas condenses to accomplish waste
heat recovery and water recovery. Recovered water is
led into water tank 7 and reused. That is, recovered
water once stored in said tank 7 is led out as supplemen-
tary feed water by water feed pump 14 and joined with
cooling water supplied to cell cooler 1c, and the joined
water is pressurized and fed into cell cooler 1c by cool-
ing water pump 14. Cooling water takes heat from cell
1 and then is flashed in vapor generator 8, whereby part
of said cooling water is vaporized and the produced
vapor is led into ejector 4 after regulated in flow rate by
vapor regulating valve 15.

The superfluous heat generated in the cooling system
of cell 1 is recovered in the form of hot water, etc., by
heat exchanger 16. :

DC power generated by cell 1 is converted into AC
power by DC-AC converter 17.

FIG. 5(a) is a diagram illustrating load-time charac-

‘teristic in case the load has increased in the manner of a
step function, and FIG. 5(b) is a diagram illustrating the
pattern of generation of power from the fuel-cell power

- generator. As seen from this diagram, there is produced

a shortage of output power by an amount correspond-
‘ing to shaded area A due to time lag T1 of action.

25

Now, the present invention is described by way of 35

-embodiments thereof with particular reference to
FIGS. 1-3 and 6.

FIG. 1 illustrates the fuel-cell power generator in an
embodiment of this invention. FIG. 2 shows, in particu-
lar, the fuel supply mechanism in the device of FIG. 1.
FIG. 3 illustrates the characteristic of power generation
by the device shown in FIG. 1.

In these drawings, the parts identical with or corre-
sponding to those of FIG. 4 are assigned the same refer-
ence numerals.

In FIG. 1, reference numeral 18 designates a fuel
supply means connected to the DC power output of cell
1. The electrolyte composed of a solution of sodium
hydroxide or such stored in said supply means 18 is
electrolyzed, and the gases produced by this electrolysis
are supplied to the hydrogen gas and oxygen gas feed
lines 30a, 305 for cell 1 through piping 25a, 255.

An example of fuel supply means 18 is described in
detail with reference to FIG. 2. The drawing shows the
state in a regular operation. Tank 19 is filled with a
pressurized electrolyte, for example, a 15-20% sodium
hydroxide solution. In the electrolyte are set cathode
plate 20z and anode plate 205 both of which are con-
nected to the DC power output ends. Each of said
cathode plate 20z and anode plate 20b is encompassed
with a gas reservoir tube 21a, 215 for storing the gas
produced by the plate. Said gas reservoir tubes 21a, 21
are connected to hydrogen gas and oxygen gas feed
lines 30a, 305 through piping 25a, 25 and valves such
as solenoid valves 22a, 225, respectively. Tank 19 is
connected to electrolyte supply source 26 via valve
such as solenoid valve 23. The electrolyte in tank 19 is
pressurized by accumulator 24.
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This fuel supply means 18 operates as described be-
low.

When an electric current is applied from cell 1 to
cathode and anode plates 20z, 205 in the state of FIG. 2,
the following reaction occurs in the anode to produce
hydrogen gas:

2H;0+4-2e~—20H~ +H>

On the other hand, there takes place the following
reaction in the anode to produce oxygen gas:

20H-—H30+30;42e~

Thus, in the gross, the following reaction is accom-
plished:

Hy0-H2+10;

The produced hydrogen gas and oxygen gas are
stored in gas reservoir tubes 21a, 215, respectively. The
electrolyte forced out with generation of said gases
flows into accumulator 24, whereby the electrolyte in
tank 19 is further pressurized.

As the electrolysis of the electrolyte advances, the
amount of the produced gases stored in said respective
gas reservoir tubes 21a, 21H increases steadily, and
when the liquid level of the electrolyte descends to a
point below the lower ends of cathode and anode plates
20a, 205, the electric current is shut off and accordingly
the reactions stop.-

Through this process, hydrogen gas and oxygen gas
are always stored in fuel supply means 18 during the
regular mode of operation.

In case the power load connected to the fuel cell
system rises up abruptly, a load rise signal is given to
solenoid valve control unit 27 which thereupon oper-
ates to control solenoid valves 22a, 22b so that they
open for a given period of time. Upon opening of sole-
noid valves 224, 22b, both hydrogen gas and oxygen gas
in gas reservoir tubes 21a, 215, which are in a state of
being pressurized by accumulator 24, are rapidly forced
out and supplied to hydrogen and oxygen gas feed lines
30a, 30b connecting to cell 1.

After this hydrogen and oxygen supply operation has
been conducted for a given period of time, solenoid
valves 22a, 22b are closed by control unit 27 to stop fuel
supply to cell 1.

FIG. 3 illustrates the pattern of power generation by
the fuel cell system on fuel supply. It will be seen that in
comparison with the prior art (see FIG. 5(b)), the power
output increases by an amount corresponding to area B,
and as a result, the time lag decreases greatly to T2
(T2<T1) and the load responsiveness is markedly im-
proved.

The electrolyte consumed by the electrolysis is sup-
plied from the outside by opening solenoid valve 23.

As described above, in accordance with the present
invention, the electrolyte is electrolyzed to produce
hydrogen gas and oxygen gas by DC power generated
by a fuel cell, and the produced gases are stored and
supplied to the cell at the time of rapid rise of load, so
that the responsiveness to the sharp rise of load in the
fuel-cell power generator is improved.

In the described embodiment of the invention, the
fuel supply is made by using the gases produced by
electrolyzing the electrolyte by DC power generated
by a fuel cell, but the same effect can be obtained by
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storing the already produced gases in cylinders or the
like and supplying such gases to the cell on occurrence
of a sharp rise of load.
In the latter case, as illustrated in FIG. 6, hydrogen
gas cylinders 284 and oxygen gas. cylinders 28b are
provided, and these cylinders are connected through
pipes 25a, 25b to hydrogen and oxygen feed lines 30a,
30b, respectively, which lead to fuel cell 1, and solenoid
valves 22a, 22b arranged to be opened and closed by
control unit 27 are provided on said pipes 25a, 25b. Said
cylinders 28a, 285 may be of a commercially available
type. This arrangement makes it possible to provide a
fuel-cell power generator which is simple in mechanism
and improved in responsiveness to sharp rise of load.
What is claimed is:
1. A fuel-cell power generator comprising hydrogen
and oxygen feed lines, a fuel cell which generates DC
power as the cell receives hydrogen gas and oxygen gas
from said feed lines, and fuel supply means which
supplies hydrogen gas to said hydrogen feed line and
oxygen gas to said oxygen feed line in response to a
sharp rise of power load connected to said fuel cell; said
fuel supply means including means for producing hy-
~ drogen gas and oxygen gas by electrolyzing an electro-

Iyte by DC power generated by said fuel cell and for
- supplying the produced gases to said hydrogen and
oxygen feed lines connected to said fuel cell; said means
~for producing hydrogen gas and oxygen gas comprising
a tank containing pressurized electrolyte, hydrogen and
- oxygen electrodes disposed in said tank and connected
to the DC power source of said fuel cell, cylindrical gas

oxygen electrode and said hydrogen electrode, respec-
tively, and piping means for connecting said cylindrical
gas reservoir to said hydrogen and oxygen feed lines via
valves.
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2. The fuel-cell power generator according to claim
1, wherein the valves provided on piping connecting
said cylindrical gas reservoirs to said hydrogen and
oxygen feed Inies leading to said fuel cell are solenoid
valves, and a control unit is provided for controlling the
opening and closing of said solenoid valves upon receiv-
ing a load rise signal at the time of a rapid change of
power load connected to said fuel cell.

3. The fuel-cell power generator according to claim
1, wherein said tank containing the electrolyte is pro-
vided with an accumulator for pressurizing said electro-
lyte. .

4. The fuel-cell power generator according to claim
1, wherein at the time of a sharp rise of power load,
hydrogen gas and oxygen gas are supplied from said
fuel supply means to said hydrogen and oxygen feed
lines for a time in which the feed of said gases to said gas
feed systems leading to said fuel cell reaches the re-
quired level.

5. The fuel-cell power generator according to claim
2, wherein the period in which the solenoid valves are
opened by said control unit at the time of a sharp rise of
power load is about 2-10 seconds.

6. The fuel-cell power generator according to claim
1, wherein said fuel supply means also comprises a hy-
drogen gas cylinder, an oxygen gas cylinder, piping
connecting said gas cylinders to the hydrogen and oxy-
gen feed lines leading to said fuel cell, and valves pro-
vided on said piping. »

7. The fuel-cell power generator according to claim
6, wherein the valves provided on piping connecting
said gas cylinders to said hydrogen and oxygen feed
lines are solenoid valves, and a control unit is provided
for controlling the opening and closing of said solenoid
valves on receiving a load rise signal at the time of a

sharp rise of power load connected to the fuel cell.
* ¥ x ok ok



